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Abstract 
Having observed the relationship between structure adjustment with the change of SO2 emissions 
intensity, the author wants to ascertain the effectiveness of industry and energy structure adjustment on 
the reduction of SO2 emissions at Shijingshan district in Beijing, where the project of relocation of 
Shougang group and the “coal to gas” have been taken place at “11th five-year plan” period. Through the 
use of the long-mean Divasia Index Decomposition method (LMDI), the SO2 emissions intensity was 
decomposed into the contribution from four components: industry structure effect, industrial energy 
intensity effect, energy structure effect and emission coefficient effect. It was found that the contribution 
of industry and energy structure effect into the decrease of SO2 emissions intensity were 21.84% and 
38.44%, respectively. The result showed that the relocation of Shougang group and the “coal to gas”
engineering had a great influence on reducing SO2 emissions, the contribution of structure adjustment is 
significant. Furthermore, in basis of the reasonable forecast about energy consumption structure and SO2
emissions at “12th five-year plan” period at Shijingshan district, the predictive result shows that the 
contribution of industry and energy structure effect into the decrease of SO2 emissions intensity will be 
6.52% and 58.24%, respectively. This indicates that the structure adjustment will be still the major 
contributor on SO2 emissions reduction in the future. 
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1. Introduction 
Since reform and opening-up, China has been enduring the huge resource degradation and serious 
environment problems by going the way of “high cost and high energy consumption” in the past 30 years. 
According to the statistics from IEA, in 2006, the unit consumption of energy about plain steel, cement 
and synthesis ammonia in china is more than the most develop country 50%, 60% and 33%, 
respectively[1]. Meanwhile, Coal has been the main fuel in Chinese energy consumption structure for a 
long time, causing more serious air pollution 
such as acid rain. So faced with the grim situation, energy conservation and emission reduction has 
become a national policy, which is penetrating into all kinds of economic activities.  
The main methods of energy conservation and emission reduction include structure adjustment, 
technology improvement and effective management. Structure adjustment is a good way to energy 
conservation and emission reduction by the change of industry and energy structure. On one hand, for the 
reason that different industry has different unit consumption of energy, for example, in 2003, the first 
industrial energy intensity in China is 0.390 tce/10,000RMB, the second industrial energy intensity is 
1.980 tce/10,000RMB, China,  and the third industrial energy intensity is 0.610 tce/10,000RMB; so when 
the proportion of the second industrial decreased or the proportion of third industrial increased, just like 
the civilization and service industry’s spring up, which is quite helpful for energy conservation and 
emission reduction. On the other hand, if we move forward with the transform our energy structure by 
exploiting and using the clean energy, it will be helpful for energy conservation and emission reduction 
too. 
As the main precursor of acid rain, SO2 is also the major air pollutant in China. Contemporary, the 
sulfur dioxide emission intensity is an important consideration index of environment cost, so the change 
of it can reflect the effect of sulfur dioxide emission’s reduction at some district directly. In this paper, in 
order to ascertain the contribution of structure adjustment on the reduction of sulfur dioxide emission, we 
choose Shijingshan district in Beijing as the research area, hoping that our research can provide a 
scientific reference for the government’s energy conservation and emission reduction at “12th five-year 
plan” period. 
Index decomposition analysis (IDA), with a variety of different index methods, has become an 
important and meaningful tool in the fields of energy and environment assessment. Generally, IDA 
consists of two categories: the Laspeyres index and Divisia index method. With more practice and deep 
theoretical research, scholars have put forward many improved index methods, including the long-mean 
Divasia Index Decomposition method (LMDI), which is used in the study for national energy efficiency 
and environment problems. Ang [2] argued that LMDI is the most preferred method with the advantages 
of theoretical foundation, adaptability, consistency in aggregation and ease of use and interpretation. 
Wang et al. [3] analyzed the changes of aggregated CO2 in China from1957 to 2000 based on the LMDI 
method. Wu et al. [4] used a “three level perfect decomposition” method to investigate the evolution of 
energy-related CO2 emissions in China from 1985 to 1999. Zhang et al. [5] presented a decomposition 
analysis of energy related CO2 emission in China for the period 1991–2006 and analyzed the nature of the 
four factors: CO2 intensity, energy intensity, structural changes, and economic activity. As for the SO2 
emission analysis, Shrestha and Timilsina [6] investigated the evolution of SO2 emission intensities of the 
power sector in 12 selected Asian economies, including China, during the period 1980–1994 and studied 
the role of fuel intensity and generation mix on the changes in emission intensity, using the Divisia 
decomposition approach. He [7] based on the SO2 emissions of 13 main industries in China over the 
period 1991-2001, by using the LMDI method, concluding that technology and scale effect play a major 
important role on the change of sulfur dioxide emissions. Li [8] used the LMDI method to decompose the  
SO2 emission intensity of all provinces in China over the period 1997-2007, the result shows that energy 
intensity effect is the dominant contributor about the change of SO2 emission intensity. 
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2. Methodology 
In this paper, we have adapted the LMDI to make a decomposition of sulfur dioxide emission intensity 
as follows: 
 
¦¦    
j
j
j
j j
j SkI
Y
E
E
E
E
M
Y
MN j ****
                                    (1)  
where N is the sulfur dioxide emission intensity, M is the total sulfur dioxide emission, Y is the Gross 
Domestic Product (GDP), E is the total energy consumption, j is the type of energy use, I is the total 
energy intensity, kj is the sulfur dioxide emission coefficient of one type of energy use, Sj is the share of 
one type of energy that accounts for the total energy consumption. From eq. (1) it can be seen that the 
change of sulfur dioxide emission intensity is influenced mainly by three factors: total energy intensity, 
emission coefficient and energy structure. Then we use the LMDI method again to decompose the total 
energy intensity as follows: 
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where i is the industrial subsector, Ii is the energy intensity in subsector i, Ri is the share of GDP that 
accounts for the total GDP. From eq. (2) it can be seen that the change of the total energy intensity is 
mainly influenced by two factors: industry structure effect and industrial energy intensity effect. 
Combined eq. (1) and eq. (2), we can find that the change of sulfur dioxide emission intensity is 
decomposed into four factors as follows: 
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where N'  represents the change of sulfur dioxide emission intensity in one district from year 0 to t, 
iIN' is the industrial energy intensity effect, RIN' is the industry structure effect, kN' is the emission 
coefficient effect and Ns' is the energy structure effect. They are computed by eq. (4): 
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Finally, we can get the contribution of structure adjustment on the reduction of sulfur dioxide emission 
intensity, as the Table 1 shows: 
Table 1. The contribution of structure adjustment on SO2 emissions’ reduction. 
metric industrial structure effect Energy structure effect Contribution of structure Adjustment  
 
SO2 emission intensity
  SR NNSO WWW  2 
3. Data source 
This paper focus on the effectiveness of structure adjustment on sulfur dioxide emissions reduction in 
Shijingshan district over the period 2005-2015, including the analysis of evaluation for “11th five year-
plan” period and analysis of prediction for “12th five year-plan” period. In the year 2005-2009, we can get 
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the GDP, total energy consumption and each type of energy use in industry from statistical yearbook in 
Shijingshan from 2005-2009 [9] , sulfur dioxide emission and sulfur dioxide emission coefficient in 
electricity subsector from environmental statistics data in Shijingshan [10] and the Jingneng thermal 
power plant respectively. On the basis of the data from 2005-2009, by using the methods of energy 
intensity and energy elasticity coefficient, taking the Environmental protection and ecological 
construction planning in Shijingshan [11] and The report of strategic EIA at Daxing district in Beijing[12] 
into account, we have a scientific prediction to sulfur emission intensity and energy structure in 
Shijingshan district at “12th five year-plan” period. 
4. Case study Shijingshan district, Beijing 
Shijingshan district is located at north attitude 39°53′–39°59′ and east longitude 116°07′–116°14′, 
having the climate of sub-humid warm temperate zone. It covers an area of 84.38km2, with a 
population of 546,000. As the traditional heavy industrial area in Beijing, a lot of scale enterprises about 
metallurgy, electricity and machinery have reposed on Shijingshan district, including the Shougang group, 
which produces at least half of the total GDP for this district all the way. Although Shougang group has 
made a great contribution to the development of Shijingshan district, there is no doubt that the most heavy 
industry has caused many environmental problems, which is affecting the local people’s normal life and 
the health of ecology. So facing this serious situation, the Beijing government made a policy that is 
meaning the Shougang group moving out from Shijingshan district in 2005, and take this opportunity to 
processing industrial structural conversion. Meanwhile, the government of Shijingshan has processed 
energy structure conversion during “11th five year-plan” period, which mainly contains the project of 
“coal to gas”, meaning the construction of 40 “non-coal” areas.  
5. Result and discussion 
Because the change of SO2 emission coefficient from thermal power generation is big, so we choose 
the Jingneng thermal power plant, which is the biggest thermal power generation at Shijingshan district, 
according to whose SO2 emission coefficient’s change to calculate the effect of coefficient on emissions’ 
reduction. By using the method of LMDI, we can get the result of decomposition (see Table 2).  
 Table 2.  The decomposition of SO2 emission intensity’s change (kg/w).   
Year  N'  IN'  KN'  SN'  
2005-2006 -4.31625 -2.28216 -1.85666 -0.17743 
2006-2007 -9.37619 -0.17359 -5.88198 -3.32062 
2007-2008 -9.88981 -5.88327 -1.55702 -2.44952 
2008-2009 -6.68529 -0.06741 -0.57507 -6.04281 
2009-2010 -0.35995 -0.46455 -0.11078 0.21537 
2005-2010 -30.62750 -8.87098 -9.98152 -11.7750 
 
From the Table 2, we can see that there is a sharp drop on SO2 emission intensity during the 11th five 
year period; especially from 2006 to 2009, the average annual rate of descent has reached to 46.14%. It is 
because that on the base of Beijing Olympic Games, the Shijingshan government has taken a series of 
measures to ameliorate the atmospheric condition, concentrating on the reduction from some major 
enterprises with a large scale emission on air pollutant. Furthermore, we calculate the contribution of 
structure adjustment on SO2 emission intensity with the formulas from Table 1 (see table 3 and Fig. 1). 
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From Table 3 and Fig. 1(a) we can get the point that the industrial structure effect on SO2 emissions’ 
reduction keeps rising year by year. From 2005 to 2007, the pace of industrial structure adjustment was 
relatively slow, which made the industrial structure effect didn’t work on the SO2 emissions’ reduction. 
Later on, on the background of Beijing Olympic Games, with the relocation of Shougang group step by 
step and the great development of the tertiary industry, the industrial structure effect has been strong more 
and more. For example, in 2009, the SO2 emissions intensity of the second industry at Shijngshan district 
is 3.9538kg/10,000RMB, while the SO2 emissions intensity of the tertiary industry is just 
0.2645kg/10,000RMB, through the industrial adjustment, the tertiary industry has become the leading 
industry, which shares 55% of total GDP at Shijingshan district and exceeds the percentage of second 
industry for the first time. It’s clear that the SO2 emissions intensity of tertiary industry is far lower than 
the second industry, so it is out of question that the industrial structure effect has a significant 
contribution on SO2 emissions’ reduction since 2007. 
Table 3.  The estimated contribution of structure adjustment on SO2 emissions’ reduction (100%).  
year 
RNW  SNW  2SOW  
2005-2006 -0.04531 0.04110 -0.00421 
2006-2007 -0.00814 0.35415 0.34601 
2007-2008 0.09396 0.24768 0.34164 
2008-2009 0.38702 0.90390 1.29092 
2009-2010 1.31958 -0.59835 0.72123 
2005-2010 0.21838 0.38446                  0.60284 
 
On the other hand, from the view of energy structure adjustment, it is obviously that energy structure 
effect plays a very important role on SO2 emissions reduction, with the average contribution of 50% 
during 2006-2009, even which reaches up to 90.39% in 2009. For the main reason, firstly the government 
has finished the transformation of task for 100 units 302 steam ton coal-fired boilers by using the clean 
fuel since 2006. Secondly, all the coal-fired boilers below 20 steam ton have been transformed to clean 
fuel since 2008. Thirdly, the industrial consumption of major relatively high-sulfur fuel, just like raw coal, 
washed coal and hard coke, get a huge decrease, while the industrial consumption of some clean fuel have 
increased. For example, during 2006–2009, the industrial consumption percentage of natural gas has 
increased from 0.41% to 0.56%, and the percentage of electricity has increased from 5.53% to 5.81%. So 
we can see all the energy structure adjustments have made a big significance on SO2 emissions’ reduction. 
From 2009-2010, the contribution of energy structure effect is negative value, which means this year 
energy structure adjustment has an opposite influence on SO2 emissions’ reduction. It’s because that at 
the beginning of an important “coal to gas” project, the Northwest thermoelectric center hasn’t been 
finished, which makes the range of energy structure adjustment is little. So at this period industrial 
structure adjustment makes a major contribution on SO2 emissions’ reduction. 
On the basis of setting scene from Environmental protection and ecological construction planning in 
Shijingshan, the “coal to gas” project will be finished quite well, which means the total SO2 emissions 
will be reduced to only 1.89% of basic standard emissions since the Northwest thermoelectric center has 
been operation in 2014. So we can get the result of decomposition on SO2 emissions’ intensity from at 
“12th year-plan” period with the scientific predicted data (seeTable 4). 
We can see from the Table 4 that SO2 emissions coefficient effect only makes a contribution during 
2010-2011, because of the construction of “coal to gas” project, the SO2 emissions coefficient in 
electricity subsector in 2011 will be less than the value in 2010, and natural gas will become the main 
energy consumption in electricity subsector, so we assume that the SO2 emissions coefficient in electricity 
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subsector will not change during 2011-2015, which leads to the no contribution of coefficient effect. 
Subsequently, we continue to calculate the contribution of structure adjustment (see Table 5 and            
Fig. 1(b)). 
Table 4. The decomposition of SO2 emission intensity’s change (kg/w). 
year N'  IN'  KN'  SN'  
2010-2011 -1.82564 -0.23573 -1.11061 -0.47930 
2011-2012 -0.73020 -0.18050 0 -0.54970 
2012-2013 -0.73464 -0.10602 0 -0.62862 
2013-2014 -0.68207 -0.02689 0 -0.65518 
2014-2015 -0.01415 -0.00520 0 -0.00895 
2010-2015 -3.98670 -0.55434 -1.11061 -2.32175 
Table 5. The predicted contribution of structure adjustment on SO2 emissions’ reduction (100%). 
year 
RNW  SNW  2SOW  
2010-2011 0.04811 0.26254 0.31065 
2011-2012 0.09264 0.75280 0.84544 
2012-2013 0.06457 0.85569 0.92026 
2013-2014 0.02087 0.96058 0.98145 
2014-2015 0.24465 0.63280 0.87744 
2010-2015 0.06520 0.58237                   0.64757 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) The estimated contribution of structure adjustment onSO2 emissions’ reduction (100%); (b) The predicted contribution of 
structure adjustment on SO2 emissions’ reduction (100%). 
From Fig. 1(b) we can see clearly that the contribution of energy structure effect will present a notable 
uptrend during 2010-2014, and will play a more important role on reducing SO2 emissions intensity. For 
the main reason is that energy structure will change a lot, in detail, the percentage of natural gas among 
industrial total energy consumption will increase from 15.44% to 57.77%, while the percentage of raw 
coal will decrease from 51.94% to 21.15%. This change of energy structure makes a significant 
contribution on SO2 emissions’ reduction. There is a descending branch at the end of “12th year-plan” 
period (2014-2015), it is because that all the “coal to gas” project will be completed and some major 
engineering will work well, which makes little change in energy structure, but the contribution of energy 
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structure effect will still reach up to 63.28%. As for industrial structure effect, the contribution of it will 
increase gradually, and it will get the top point at the end of “12th year –plan” period, which indicates 
industrial structure effect will make sense year by year with the steady development of tertiary industry.  
In order to satisfy the more serious require to atmospheric environment from the Beijing government 
at “12th year-plan” period, we suggest the Shijingshan government pay more attention to energy structure 
adjustment with the fast development of tertiary industry, continue optimizing energy structure and 
concentrating on the construction of the Northwest thermoelectric center, to make sure the most important 
“coal to gas” engineering will be finished on time and work well. At the same time, for the sake of 
reducing the energy consumption and SO2 emissions to the hilt, it is better to make a transformation 
about the net of heat supply pipelines at all the district, and to promote the centralized heat supply, with 
the exploitation and application of some clean energy in the right scale, such as solar energy, wind energy 
and biomass. All the measures will helpful to strength the function of energy structure effect, giving full 
play to its contribution on SO2 emissions reduction.  
6. Conclusions 
From 2005 to 2011, the SO2 emissions intensity at Shijingshan district is reduced by 
30.6275kg/10,000RMB, the contribution of industrial structure effect is 21.84%, and the contribution of 
energy structure effect is 38.44%, this result shows that the relocation of Shougang group and the “coal to 
gas” engineering have a great contribution on decreasing SO2 emissions, the effectiveness of structure 
adjustment is significant. 
At “12th year-plan” period, after the relocation of Shougang group, electricity subsector and coal-fired 
boilers will become the main source of air pollution, so the change of energy structure is very necessary 
and important for the protection of atmospheric environment. With scientific predicted data, we find the 
sulfur dioxide emissions intensity will be reduced by 3.9867kg/10,000RMB, the contribution of industrial 
effect will be 6.52%, and the contribution of energy structure effect will be 58.24%, which indicates that 
structure adjustment will be still the major contributor on sulfur dioxide emissions reduction in the next 
five years, especially for energy structure effect. 
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